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position of stee nore or less strengthening effect; some w 


re 
supposed | to be slight, others great, and it is known i in the case of 
that radical changes t take p place the of steel as the 


strength to steel; results can be 


— duced by varying its its amount, and that the gain of strength due to its — 
increase is accompanied with Jom loss of other desirable properties — 
x than is the case with : any other r hardener. All other elements « occur- 
in carbon steels may be considered impurities or antidotes. 


In investigating the causes of strength i in steel, one naturally looks 


first for the s strength of its base of iron and at once encounters an 


unknown quantity. Pure iron can ve produced only in the laboratory, : 
- and even there in ‘insufficient quantity and impossible condition f for 
testing. The e strength of pu pure iron has, however, been 


ealeulated to be about | 38 000 Ibs. per square inch. 
The most notable investigations made of into | the 
strengthening effects of the different elements occurring in steel 
been made by Mr. Wn. Webster, and H. Campbell, 


C. Ez, , in the order named. 


ay 


h 


modified to the conditions. believed that 7 


ments | had a strengthening effect ect upon ster steel, and constructed d tables 
fr om Ww ‘hich, knowing the carbon, phosphorus, 1 manganese and sulphur 
content of steel, its tensile e strength 1 could be ¢ calculated. His tables — 


itted very well the the upen which he mado his investigations, but 
not proved satisfactory i in the case of other ra 


later investigations ns of Mr. | Campbell are the most complete 


“and scientific of any that have yet been undertaken in this line. = 
W ith . 168 tests made upon 2 . 2-in. test bars of a known and uniform — 7 


condition, arranged in 272 grou 8 | s of similar conditions 8 to streng th 


and a, Mr. ‘Campbell: has, by the method of st squares, 

arrived at the effect of the various components o of steel. 

* Mr. Campbell's work will found in on in his book on‘ 

rties of Structural Steel.” 


The same data for all the 272 groups were calculated by 
the an andare on file in the Library of the § ory 4 they show the same comparative 
relations between actual and calculated strengths as the abridged tables. ‘egies 
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FOR STRENGTH OF STEEL. 


Campbell 8 are as follows: 
First. —The ‘strength of 7] pure iron, as far as it can be tensed 
- - from the strength of steel, is about 38 000 or 39 000 Ibs. per pene) 
a 
—An increase of 0. 01% of carbon raises the tensile : strength 
§ of acid | steel about 1 210 Ibs. per square inch, and that of basic steel | 
* Third.- —An i increase of 0. 01% of manganese se has very little effect on — 
acid steel, unless the e content exceeds ( 0.60%, but it raises the eee 
basic steel about 85 Ibs. per square inch. 
ur th.—An increase of 0. 01% of phosphorus raises tensile 


7 strength of acid steel about 890 Ibs. | per square inch, wn that of 


Fifth. — The followi ing formulas will g give the 
ordinary open- -hearth steel in pounds per equare inch, the carbon, 


manganese and ‘phosphorus being expressed i in units of 0.001% %; 


pi value being given to R in accor aaa ance with the conditions of of rolling 
2 


the thickness of the piece. 


‘Pormuls for Acid 


neat carbon - + 8.5 mang . +105 105 phos. - 4+R= = tensile strength. 


€ 38 600 121 cart on - 89 hos. -+ R =i ile ‘stren th. 
00 + 1 Ip 8 g 


Pe Eighth. .—In the case of acid steel, an increase in mangan 


4 0. 6% will raise the tensile strength above the amount indicated by 


the formula, the increment being quite marked when a content of 0.8 


Math. steels containing from 0. 396 to 5% of carbon, the value 


0 of the metalloids is fully a as great as with the. lower er steels, while the 
presence | of ‘silicon i in such metal in pro 


seems to enhance the stren th ning effect of ca when: 
net e i g effec r 
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a i nary Structural steels ranging Irom U.UZ to U.d0% 
licable to higher steels or to 
sare applicable to higher stee! 
a — etween steels 
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{ RULE FOR STRENGTH OF STEEL. 81 
“Tenth. —In steels containing less than 0. 0.2576 al carbon, the effect — 
of small proportions of silicon : upon the ‘ultimate ‘strength: is inap- | 


Eleventh. Sulphur in ordinary proportions ¢ exerts no 
; ‘influence upon the tensile strength. 


c Twelfth.—Both acid and basic | steels con ntaining less less than ( 0. 0.3.96 of 


“manganese gre actual strength greater than is is shown by the 


See 

‘Sending: and when this is taken with the abnormal strength of un-— 
“usually pure metal used i in certain tests,* it is indicated that oxide of 

_* to the p present time the relation of tensile s strength to composi- 
_ tion has been, , at the most, a matter of passing interest to the engineer. 


A test report showing 80 carbon and 5 58 000 Ibs. tensile senna for 


one test, and 15 carbon and 60 000 Ibs. for r another might ‘cause some 2 7 


wonderment | on the part of the engineer who received it, , but until 
io recent times ‘the chemist and his werk th has seldom been n questioned, ae 
The formulas” deduced by Mr. Campbell offer a check on the io 


t _ They are likely to 0 prove o of more 
to the steel ‘maker than to the he engineer, for they | can not be 
- tained i in the n memory of one havi ing g only an an occasional use for them, = 


and their application to a report of a hundred tests would be a “ 


tedious operation. A consideration the work previously done 


this line has led the | author to the adoption of the rule given at the 


“head of this paper for comparing analyses v with tensile tests “Saree 


This r rule i is so simple that. a few trials will | permanently impress it 
on | the m memory The "operation may be ‘made mentally ¥ with 


rapidity, and, as ve as tried, is | equally applicable to all kinds and 


makes of steel. 


‘See Manufacture and of Structural Steel,” No. 131, Group 198, 
b>, 
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Wi TLLIAM Past- President Soc. C.E. —There 
oe is - for many years a very strong belief that there is some relation between > 
the strength of any piece of iron and its composition, which would 
be a guide for estimating the | strength of of the metal from its chemical 
composition. ‘Engineers should be very grateful to Messrs. W ebster 
- and Campbell for the extraordinary ‘amount of work they have done 
in trying to work out such an exceedingly complicated and difficult ‘a 
_ problem. ‘Their work is s admirable, an and may | be very useful if it is. 
not applied practically ‘until it has been carried | “much: farther. if it 
is considered that the manufacturer can vary the strength of steel by 
manipulation from 50% to 100°§ one way or the other, it is evident 
¥ a that the formulas are not safe guides for determining the strength of | 
steel of a given ‘composition. It will not do to. lay aside the actual 
tests of material. Another difficulty in the way of the use of the a 
_ formulas is the fact that they apply only to the grade of steel with a 
which the experiments were conducted. Mr. Campbell that 
this was the mild s structural steel he w was making. 
7 There is a statement in the paper, , quoted from Mr. Campbell’s 
- 4 book, that certain tests indicate that oxide of iron raises the ultimate 
strength of steel. It was the speaker’s experience that there is no 
i a element with which the manufacturer has to deal which is so treach- 
erous and troublesome as oxygen, and there is nothing which makes” 
ra steel so thoroughly rotten as its presence. 2 nee 
f a Mr. Waddell states in his correspondence | on this paper that steel 
of 75 000 lbs. is fully up to or beyond the limit of the uses of a 
an 1 structural engineer However, , engineers are already using, perhaps 
not in large structures, but in very important places, steel of from ‘em 
95 000 to 100 000 Ibs. tensile ‘strength, 40000 to 50000 Ibs. elastic 
limit, and about 159% stretch. Such steel can now be made readily, 
and is used largely for the wristpins, sidebars and other parts of 
locomotives which are subject to great strains. If it has been found 
that a 95 0U0-Ib. steel with 15°% stretch is the best for such service, it | @ ie 
_ appears that engineers wishing strong bridge pins and similar pieces = 
readily obtain them of the same strength and elongation. The 
to which wristpins and sidebars subjected are more : 
destructive than any comingonabridge pin, | 


oa _ The speaker did not care to enter into a a a of the formulas 
because, w while the work on which they a are based was admirable, he 
— hoped engineers ; would not use them until the e investigations have | 
been carried far enough to include, not only the composition, but also — a a 
_ the manipulation of the material. Until that is done, and as long no 
a little variation in menipulation can can upset b by ‘many times all ~ 9 
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g ; ence of the metalloids usually found in steel. The full details of the 
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= 
given by the author’s formula for the chemical 


such formulas have no safe working ‘value u unless used in 


"drawn dusing the ‘last two years for the ‘cables of suspension bridges 

w hich has an ultimate strength of about 200 000 lbs., an onaite limit 

of about 160 000 to 180 000 Ibs.,and an elongation of 4 per cent. That "3 

the price of such wire was not excessive is shown by ‘its use in most = 

of the large suspension recently erected. 


4 M. Am. Soe. C. E. discusses at 
lagh the results of investigations made by the writer upon the influ- © 


calculations were published more for the benefit of the metallurgist 
than of the engineer. The problem was far from simple. ‘It had been 
attacked by many students, and the writer does not suppose for a 

- moment that the final answer has been given. On the contrary, it will | 
be found that the book in which these results were e published ex- 
pressly states that n many things are left in darkness. Instances of error d 
_ will be found in the author’s Table No. 1, where Group 121 shows a yy. 
of 12 2 210 ) Ibs. between the actual and the calculated weight. 


«Structural Steel,” and it is pointed “out that the law seems to fail i in 
in“: steels containing a combination of high silicon and high carbon. In — 
this group the content of silicon was 0.239%, but it does not appear 
that the silicon itself | has a a direct effect et upon the iron, | but that 
it enhances the effect of the associated carbon. This, however, is 
- theory, and is offered here only as an instance of the complexities — 
- sng during the investigation, and as showing how engineers must — 
_ approach the subject with a proper feeling of frespect; 
It is also n necessary to note that the thickness of the material has a 4 
"marked bearing on the tensile This was expressed by the 


work this factor would be quite importan ; 


he is thoroughly aware of their existence and their value. He has 
7 aimed to attain simplicity and is entitled to great credit for his suc- 
cess. These remarks, therefore, must not be considered as a criticism: 
‘of his work, but as a warning to engineers that such oe 
exist, a fact the author nen hardly made sufficiently ‘prominent. 


* 


— 

| 

3 a a A 

> 

| 

4 
| — 

— 

— 
a 

aq 

& . author has nore lese rennements in his formula, although Te ya q 
a8 


CORRESPONDENCE ON RULE FOR STRENGTH OF STEEL. 


M. 800. E. —The author has given to” 


that of the formulas of Messrs. Campbell and Webster. ‘The 


following average errors of the three formulas have been ompeet: 
| 
= 


(| Average Erno 


Character of errors. 


AVERAGE For AcriD Basic STEELs. 


(Mean from two preceding tables. 


Minus 


_ From these tables it will be e seen that the author’s formula is east 
than that of Mr. Campbell, but more accurate that of 
= An examination of the author’s two tables shows that vie greatest 
errors in all three formulas are for the e very high steels, and that the 
higher the steel, the greater the error. 

ar. Now, as structural engineers—if it be ‘permissible to coin such a 
_ designation—are not interested in steel having an ultimate strength 
_ exceeding 75 000 Ibs. per square inch, it would be interesting to see 
_ what are the various errors of the three formulas for steels below i aeaadl 
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he writer ore pre pared he followi 


For Acw Sree. 


Character of. errors. 


1 652 
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a 
Character oferrors. 


AVERAGE For AND Basic. STEELS. 


Character of errors. 


8875 Ibs. 
last table it will that, the ultimate limit 
_ for tensile strength of steel set by the practice of the structural engi- 
~ neer, the author’s } formula is on the average almost as accurate as the 
more complicated « one of Mr. Campbell. 

The question now arises as to whether the author's formula is 
theoretically as perfect as it could be made. If it were, the average — 
plus and minus errors would be alike. For acid steel they sre 

espectively 566 | Ibs. and 1 652 II Ibs.; for basic steel they are 659, Ibs. 
and 1312 Ibs.; and for the avi average of acid and basic steels they ar are” fe 
613 Ibs. and 1 482 lbs. These variations are not great, especially 7 1o 7 
the case of basic steel; and as that metal is used nowadays in nine 
eases out of ten, itis fair to conclude that the ‘suthor’ s formula 

~ not be ver ry much improved 1 upon, considering its simple form and 
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Asa check on the accuracy of the formula the writer has chosen at 


ndom a file of inspectors’ reports 0 on the e strength and other r proper- 

_ ties of basic steel from among the tests of some thirty odd thousand 
tons made for him on that metal during the last three years, and from 

- the same has obtained the following figures, each case case tabulated re- 


presenting an av erage «= 


| 


4 
if 


‘= errors average. . 
All errors average. . 


is a very close the results found for 
steel from the author’s tables with all metal ruled out that exceeds in 
ultimate strength 75 000 lbs. per square inch. It shows also, as 
previously indicated, that the constants in his formula cannot well be — 
improved 1 upon, because the average plus error and the average minus 

error do not differ much numerically. 
_ Amore correct method of proving this is to take the acta cum 

s of all errors and divide by the number of same. 2 The result will show 
how far the formula is from perfect adjustment. — Treating thus all the 


_ cases in the author’s two tables, the ultimate strength is below” 
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a 75 000 lbs. per square inch, gives a negative average error of 615 Ibs. A Mr. Waddell. 


This proves o once more and most that, on basis 
the tests herein: employed, the author’s formula cannot be ‘materially 


with which this anim opens, the chiset hee not been to solve a com- ~~ h 
_ plicated and difficult metallurgical problem, but but rather | to provide a 
simple and readily applied rule, sufficiently near the | truth to be of 
valuetotheengineer, = 
application of the formula to Mr. tables represents _ 
_ “but a few of the many trials to which it had been previously subjected 7 
il different kinds and grades of steel made by many different manu- 
facturers. In submitting the formula, Mr. Campbell’s tables were 7 


used for its application on account of the extreme accuracy of the 


: of steel under all and varying conditions, we would still retain the | 
2 tension test, for it shows many other and valuable properties besides y. 
ultimate strength. formula is intended to establish for the 
engineer a relation between the a analys sis of steel and its tension test. 
_ It is true that varying manipulations will raise or lower the tensile . 
strength of steel while its chemical composition remains the same, as 
hot or cold finishing, or quick cooling, and annealing or 
It is also true that the great bulk of steel which enters into bridges = 
and other structures is not subject to the above influences, unless in- 
tentionally. The conditions governing the manufacture of structural 
steel to-day are remarkably uniform throughout this. country ; the 
amount of work put upon the steel in rolling, and its finishing temper- ort 
ature and rate of final cooling, differ but Slightly between the various 


ical composition of structural steel vary to any great extent between — 
the different mills, and it is safe to say that the prin ncipal constituents 


of most of the steel made will be bet ween the following limits. seal 
, 05 to.10; mang., .30 to .60; 04to.07. 


Carb., . 10 to phos., to .06; ., «20 to .50; sulph., to. 06. 


4 


— 
Treating in the same way a combination of the amended 
t he writer gi only 
the author and that of the writer gives a negative average error o y 
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into structures is hetween the thickness o of and 3 in., , the 
of constructing a formula that shall give a pletion: between : the an naly- “q 
4 sis and the tensile strength for the great majority of cases is notso — 
greatasatfirstappears; 
: - While physical manipulations will change | the normal or standard a 


relations the composition of steel and tensile strength, 


will also them. These conditions are segregation 
the uneven distribution of the constituents of steel, and incorrect _ 
analyses. | Under the latter may be included the accidental or inten- 
4 tional substitution of one kind of steel for another, < or of o one cast of 
a formula shows close relation between composition and 
.- a. strength in one hundred cases, and differs materially in the one hun- 
dred and first, it is safe to assume that in this case there is no relation a 
_ betw een the given composition and the strength of the steel, and it is . 


timeforinvestigation. 
4 _ When the approximate correctness of a formula for calculating the 


strength of steel from its composition has once been established, such — 

a formula is only specially valuable to the engineer when it indicates. 

a radical variation between the calculated and actual strength, for — 
4 then, as stated in the opening rule, it indicates mixed steels, segrega- 

_ tion, incorrect analyses or unusual treatment, all of which yhich are —F 

a9 Had Mr. Metcalf understood that this formula was not intended oo: 
. « take the place of a tension test nor to supplant any of the established 
_ chemical or physical tests, but rather to draw them into closer relation © 
: and demonstrate that and other will: 


4 are due to Mr. Waddell for his careful and extensive trial of the formula, 
and his success with it shows the extreme car care which he has exercised — 
in 1 the s selection and testing ng of his steel. 
The analysis of steel which reaches the engineer, and on the : 
strength of which the manufacturer rolls it into finished sections, isthe — 
i heat” or cast ” analysis, and i is made le ona small sample taken from 
— : tl the molten steel w hen. east. This cast analysis re represents the av average 
9 & amount of the various elements contained in the steel. Now, it is not at 
e all unusual for segregation to redistribute the elements in a cooling a 
{ ingot so that they may vary in different parts as much as 25% above el 
below the average, and it is not so uncommon as to cause wonderment 


ll variation of 25% in the segregating elements i is not harmful i in an 
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_ As the segregating elements in the engineer’s tension test are liable 
to vary 259% or more from the cast analysis, an allowance must be made 
for variation between the actual strength and that calculated by the c 
formula from the “cast” or average analysis. For o ordinarily good 
a steels, the not dangerous variation of 25% corresponds to a variation eo 
_ between the calculated and actual strength of about 5 000 lbs. above — 
For those who wish to use or introduce into their specifications a 
formula for calculating the strength of steel, the following clause is ¥ 


i: oe tensile strength of each cast of steel shall be calculated from _ 


nalysis by the following formula: a x ee Tension tests 


varying from calculated strength more than 5 000 Ibs. for material 


between and in. in thickness, and varying more than 7 000 lbs. 
for other material, shall be cause for additional tests and check anal- 


yses on the cast of steel i in 


4 ‘The following examples of the use of this formula, taken from actual — i, 
practice, show some of its valuable applications: 
. ‘bore Example No. 1.—A test piece from a forged pin gives an ultimate 
strength of 60 640 Ibs. per square inch. One chemist reports the 
er of drillings from this test piece t to be as follows: ab ae oe 
24 carbon, .053 phos. , 44 mang., .033 sulphur. 
“al Another chemist reports the analysis of the same nieces to be : as 
14, 051 phos. , 42 mang., 024 
Which analysis is more likely to be correct? au te 


= From the first analysis, by the r rule, the ultimate would be a 000 + 
24.000 + 5 300 = 69 300 Ibs., exceeding the actual ultimate by 8 660 
Tha. _ From the second analysis, 40000 + 14 000 +5100 =59 100 lbs., 
being less than the actual ultimate by 1 540 Ibs., from wale 6 it ma may be 
assumed that the second analysis is the more nearly correct. 


_ Example No. 2 2.—The cast analysis of a heat of ‘Steel from which 7 ™“ i 


forged pin has been made i is as follows: 


22, carbon, 058 phos., 401 mang., sulphur. 
test piece from the circumference of this pin giv an 7 
2 strength of 60640 lbs., while a test piece from the axis gives an ulti- : 
mate of 74 360 Ibs. Is not this pin badly segregated? 
we From the cast analysis, by the rule, the calculated ultimate would 
— be 40000 + 22 000 + 5 300 = 67 300 Ibs., , exceeding the actual ultimate ie 43 


, mate at the axis by 7 060 lbs. Drillings from the test piece at the cir. a 


at the circumference by 6 660 Ibs., and being less than the actual ulti- ey 
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oe ae cumference analyzed as follows: .14 carbon, .051 phos., » 42 mang., 02 4 

sulphur, which indicates an ultimate of 59 1 100 Ibs. 
 Drillings from the test piece ece at the axis s analyzed as follow 
,22 carbon, .091 phos., .47 mang., .077 sulphur. 
Which indicates an ultimate of 71100 Ibs. There is, therefore, 
great segregation of carbon, phosphorus and sulphur in this pin, 
as indicated by the variation of a . of actual ultimates from aed ah 


e Example No. 3.—A 3x 3 x 4-in. Bessemer steel angle made from a 
a blow containing .40 carbon gives on test an ultimate strength of 91 680 * 
Ibs. per square inch. What is the probable phosphorus content of 
es The ultimate strength, less the base and the hardness due to car- _ 
bon, gives the hardness due to phosphorus, which, div. ided by 1 000, 
- (40 000 + 40 000) = 11 680 = + .12 phos. ae 
Analysis of angle gave carbon .39 and phos, .142, correspond 
ing to a calculated 93 200 Ibs., and from the actual 


( phur. test on the center line of the same plate gives an 
_ strength of 66 520 Ibs. per square inch. Assuming that the segregation —__ 
is confined entirely to phosphorus, and that the carbon does not z 
change, as being the worst condition, what is the probable phosphorus" t 

content at the center of the plate = 
66. 520 — (40 000 + 8 000) = 18 520 = + .18 phos. “The actual an- 

ry ae 4 the center test piece gave .09 dodge 153 phos., and .085 


= +09 4 153° .085 66 64 2 220 


a 


5.—A 6x6 x3 $-in. angle gives an ultimate strength of 
58 840 lbs. per pation inch. it is supposed to be acid open-hearth = 

from a cast ‘containing .1! 19 carbon, .046 phos., and . 042 sul- 
-phur, which indicates an ultimate strength of 40 000 + 19 000 ne 4 600 

_ = 63 600 Ibs. Is this a case of segregation or mixed steel? The & 

_ analyses of the test piece gave .20 carbon, .009 phos., and .027 a 

an n ultimate of 60 900, ond indicat- 
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Example No. 4.—A test from the edge of a 30 x universal mill 
= = plate gives an ultimate strength of 59 200 Ibs. per square inch, and _ —— 
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